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Abstract
The European Water Framework Directive prescribes that the development of a river assessment system
should be based on an ecological typology taking the biological reference conditions of each river type as
a starting point. Aside from this assessment, water managers responsible for river restoration actions also
need to know the steering environmental factors to meet these reference conditions for biological com-
munities in each ecological river type. As such, an ecological typology based on biological communities is
a necessity for eﬃcient river management. In this study, diﬀerent clustering techniques including the
Sørensen similarity ratio, ordination analysis and self-organizing maps were applied to come to an
ecological classiﬁcation of a river. For this purpose, a series of sites within the Zwalm river basin
(Flanders, Belgium) were monitored. These river sites were then characterized in terms of biotic
(macroinvertebrates), physical–chemical and habitat variables. The cluster analysis resulted in a series of
characteristic biotic communities that are found under certain environmental conditions, natural as well
as human-inﬂuenced. The use of multiple clustering techniques can be of advantage to draw more
straightforward and robust conclusions with regard to the ecological classiﬁcation of river sites. The
application of the clustering techniques on the Zwalm river basin, allowed for distinguishing ﬁve
mutually isolated clusters, characterized by their natural typology and their pollution status. On the basis
of this study, one may conclude that river management could beneﬁt from the use of clustering methods
for the interpretation of large quantities of data. Furthermore, the clustering results might enable the
development of a cenotypology useful for eﬃciently steering river restoration and enabling river man-
agers to meet a good ecological status in most of the rivers as set by the European Water Framework
Directive.
Introduction
The ecological classiﬁcation and delineation of
river communities is a tool that serves as a basis for
river assessment and management. By knowing
what should be the original biological community
at a river site, one can assess the degree to which
human activities have altered it (Hawkins et al.
2000). This deﬁnition of the reference conditions by
means of biological communities is essential to set
up a biological river assessment system. Beside this
ecological evaluation objective, river restoration
endpoints are also often deﬁned within a commu-
nity ecology perspective (Palmer et al. 1997).
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More recently, ecological classiﬁcations serve as
a base for river management imposed to the EU
member states by the Water Framework Directive
(EU 2000). The Directive distinguishes two key
goals for rivers: (1) programmes of measures to
achieve at least a ‘good ecological status’, and (2) a
management system based upon natural river ba-
sin districts. To reach these goals, EU member
states need to implement an assessment system
with type-speciﬁc ecological reference conditions
as well as a type-speciﬁc river management.
Therefore, within each river basin district, all wa-
ter bodies must be classiﬁed according to an eco-
logically relevant typology (Chave 2001). For the
biotic assessment of rivers in Flanders (Belgium),
the Belgian Biotic Index (BBI) (De Pauw and
Vanhooren 1983; De Pauw and Vannevel 1991)
and the Belgian Sediment Index (BSI) (De Pauw
and Heylen 2001), which both are based on
diversity and tolerance of macroinvertebrate taxa,
are currently used as a standard tool. However,
these indices are not yet diﬀerentiated per river
type but applied in a uniform way in Flanders.
River management on the other hand is based on
legislative hydrological boundaries and organized
within river basins (Schneiders and Verheyen
1998). This hierarchical organization of river sys-
tems by the water boards in Flanders, is based on
merely physical and socio-political perspectives.
As a result it neglects scales relevant to the biota,
while biological information should be included as
a primary hierarchical component (Parsons et al.
2003).
In community ecology, one has been debating
whether or not communities can be described as
units that are discrete, clearly deﬁned, and inte-
grative (i.e. deﬁned by interactions). In many
cases, community boundaries are more or less
arbitrarily set by ecologists within the scope of
their study and experience. In general, the level of
ecological organization and the aspect of com-
munity deﬁnition are very scale-dependent (Palmer
and White 1994; Palmer et al. 1997). To classify
sites into clusters, we may apply fuzzy (ordination)
analysis or crisp classiﬁcation (sensu stricto clus-
tering). Fuzzy classiﬁcations allow observing the
species gradients that may exist between commu-
nities.
In this study, three techniques have been applied
which diﬀer in their approaches regarding clus-
tering algorithms, their theoretical basis with re-
gard to the assumed biotic type of response to
environmental conditions and their potential value
as a tool for river management. The applied
agglomerative clustering method based on the
Sørensen similarity ratio (SR) (Van Tongeren
1986) provides a crisp classiﬁcation as given by the
majority of clustering techniques (Cao et al. 1997;
Halkidi et al. 2001). Ordination (Hill 1979) on the
other hand is based on a gradient analysis. This
multivariate technique allows for detecting sample
groups with a similar species composition and
relating observed patterns with environmental
variables (Pardo and Armitage 1997). A third
clustering technique, the self-organizing maps
(SOMs), is since recently becoming popular in
ecology because of its advantage to deal with
non-linear and heterogeneous data (Foody 1999;
Walley et al. 2000).
The main objective of the present study was to
compare the outcome of diﬀerent clustering
techniques and to link the resulting ecological
classiﬁcation to river types and their characteriz-
ing environmental conditions, natural as well as
human-impacted. For this study, a dense moni-
toring network in a river basin in Flanders was
used. The classiﬁcation was based on a scale rel-
evant to macroinvertebrate communities. Macro-
invertebrates were used to construct this typology
because they are known to be good indicators of
the ecological quality of a river and they can
integrate changes in environmental conditions
over time (Hawkes 1979; Rosenberg and Resh
1993).
Material and methods
Study area and data collection
The study area was the Zwalm river basin (Fig-
ure 1) which is part of the Upper-Scheldt, covering
a total surface of 11.650 ha. The Zwalm river itself
has a length of 22 km. The southern part of the
Zwalm basin consists of small brooks located in
the crenal zone, where groundwater ﬂows in the
brooks at the source. These brooks are expected to
be unpolluted. Because of the speciﬁc geomor-
phology in this area, they are characterized by a
unique fauna (Goethals and De Pauw 2001). On
the other hand, major parts of the river basin are
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signiﬁcantly impacted mainly by untreated urban
wastewater and diﬀuse pollution originating from
agricultural activities (Goethals and De Pauw
2001). Habitat degradation of the watercourses in
this region is mainly caused by artiﬁcial embank-
ments, weirs and erosion.
Sixty sites within the Zwalm river basin were
sampled in autumn 2000 and 2001. The site
selection was based on a maximal variation in
natural and anthropogenic characteristics. Bio-
logical sampling consisted of collecting macro-
invertebrates using a standard handnet during
5 min kick-sampling over a river stretch of 10 m
(IBN 1984), thereby exploring in a representative
way the diﬀerent habitats present (De Pauw
and Vanhooren 1983). This approach can also
be described as a multihabitat sampling (Barbour
et al. 1999). In addition, a number of environ-
mental variables and habitat characteristics were
measured (Table 1). Macroinvertebrate samples
were identiﬁed up to group, family or genus level
as deﬁned by De Pauw and Vanhooren (1983).
Data analysis
Data analysis was ﬁrst performed by means of SR
clustering and SOMs. These clustering results were
then plotted along the ﬁrst two axes of an ordi-
nation diagram based on the results of an indirect
ordination analysis (Detrended Correspondence
Analysis). As a second step, the characterizing
environmental conditions of each cluster were
taken into consideration by means of a direct
ordination analysis (Detrended Canonical Corre-
spondence Analysis) and SOMs.
Before data analysis, the abundance values of
the total number of macroinvertebrates per sample
and values of environmental variables (except pH
and the categorical variables like meandering,
pool/riﬄe and hollow bed development) were log
(x + 1) transformed.
In the following paragraphs, detailed informa-
tion is given on the applied clustering techniques.
SR clustering with the programme FLEXCLUS
(Van Tongeren 1986) is based on the Sørensen
Figure 1. The Zwalm river basin, located in the Upper-Scheldt basin in Flanders (Belgium).
Table 1. Environmental variables measured in the Zwalm river basin.
Variables Measuring units Method
Temperature C Oximeter WTW Oxi 330
pH log [H+] pH meter Consort P114
Conductivity lS/cm WTW 249 electrode
Suspended solids mg/l Filtration
Dissolved oxygen mg/l Oximeter WTW Oxi 330
Water level cm Field measurement
Fraction pebbles % surface bottom Van Veen grab/sieving method
Fraction sand % surface bottom Van Veen grab/sieving method
Shadow % surface bottom Field measurement/visual
Aquatic macrophytes Presence/absence Field measurement/visual
Width cm Field measurement
Stream velocity m/s Field measurement/hydrometric propeller
Embankment 2 categories (0 (absent), 1 (partial), 2 (total)) Visual observation according to Schneiders et al. (1999)
Meandering 6 categories (1 (well developed) to 6 (absent)) Visual observation according to Schneiders et al. (1999)
Hollow banks 6 categories (1 (well developed) to 6 (absent)) Visual observation according to Schneiders et al. (1999)
Pools/riﬄes 6 categories (1 (well developed) to 6 (absent)) Visual observation according to Schneiders et al. (1999)
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similarity ratio (Sørensen 1948) (formula 1).
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 !
formula 1
yki = the abundance of the kth species at site i and
ykj = the abundance of the kth species at site j.
The initial step in FLEXCLUS is a non-hierar-
chical clustering that handles noise and redun-
dancy by combining samples into groups following
the algorithm of Sørensen (1948). Samples are
fused into clusters when their similarity is higher
than a given threshold value. Reﬁnement of the
initial clustering by reallocation leads to a ﬁnal
clustering, which is a combination of fusion and
division of clusters based on the distance of a
sample to the cluster centroid. The ordering of
clusters is obtained by reciprocal averaging (Hill
1973; Van Tongeren 1986).
In this study, the objective was to extract clus-
ters characterized by a high degree of isolation.
Therefore, for the following clustering parameters,
the most optimal values were chosen: (1) the
threshold for initial clustering (dissimilarity limit
of the clustering), (2) the relocation of initial
clustering and (3) the option down-weighting of
rare taxa. The procedure used to achieve optimal
clustering involved: (1) maximize the internal
homogeneity (a measure of the similarity of sam-
ples within a cluster), (2) minimize the resemblance
(the mean resemblance to another cluster), (3)
maximize the degree of isolation (the dissimilarity
of one cluster with the closest one), (4) maximize
the stability (the amount of sample relocations
during diﬀerent clustering steps) and (5) minimize
the number of clusters that contain only one
sample.
Ordination was performed by means of the
CANOCO programme version 4.02 (Ter Braak
and Smilauer 1998). Detrended Correspondence
Analysis (DCA) (Hill 1979) was used to perform
an indirect gradient analysis of the Zwalm river
basin sites. The percentage of cumulative variance
of the species data was used as a parameter of the
explanatory power of the canonical axes. The
clusters resulting from the SR clustering were
visualized in the DCA ordination diagram. The
following DCA options were applied: detrending
by segments and no down-weighting of rare taxa.
Detrended Canonical Correspondence Analysis
(DCCA) was used to perform a direct unimodal
gradient analysis by means of the CANOCO
programme (Ter Braak and Smilauer 1998). In this
analysis, habitat characteristics, such as, mean-
dering, pool/riﬄe, and hollow beds, were included
as categorical variables. The following DCCA
analysis options were applied: no down-weighting
of rare taxa and detrending by second-order
polynomials.
Self-organizing maps (SOMs) (Kohonen 1982),
programmed within MATLAB 5.3 by Vesanto et
al. (2000), were used to cluster the dataset. SOM is
an unsupervised neural network that identiﬁes
patterns in data, groups them into a predeﬁned
number of classes, and orders the classes in a two-
dimensional output space such that near neigh-
bours in a data space are near neighbours in an
output space. Clustering was based on the
Euclidean distance between diﬀerent samples and
a neighbourhood function ensuring that near
neighbours in the output space represent similar
patterns (cf. Walley and O’Connor 2001). First,
the number of map units (3 · 3) and the size of the
map was determined. The two highest eigenvalues
of the data set were calculated and the ratio be-
tween side-lengths of the map grid was set to this
ratio. Next, the actual side-lengths were set so that
their product is as close to the desired number of
map units as possible. Then the SOM was initial-
ized. Linear initialization along the two highest
eigenvectors was done. After initialization, the
SOM was trained in two phases: ﬁrst a rough
training and then a ﬁne-tuning. The training was
done with the sequential training algorithm. The
SOM was trained iteratively. In each training step,
one sample vector x from the input data set was
chosen randomly and the distances between it and
all the weight vectors of the SOM were calculated
using the Euclidian distance measure. The neuron
whose weight vector was closest to the input vector
x was called the Best-Matching Unit, denoted here
by c :k xm
c
k¼ minifk xmi kgwhere k k is the
Euclidean distance measure.
Results
Sixty six macroinvertebrate taxa were sampled
during 2000 and 2001 in the Zwalm river basin and
identiﬁed upon genus, group or family level as
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deﬁned by De Pauw and Vannevel (1991). The SR
clustering resulted in ﬁve clusters.
Sites within these clusters were visualized by
means of plotting each site deﬁned by its SR
cluster membership at a position along the ﬁrst
and second axis of the DCA. In this indirect
analysis (DCA), the percentage of variance
explained by the ﬁrst two canonical axes was
relatively low, 9.3% and 5.9%, respectively. Exam-
inations of the positions of the sites along the ﬁrst
two DCA ordination axes (Figure 2) revealed
nearly the same clustering structure in the macro-
invertebrate data as with the SR clustering.
The result of the SOM clustering is a map where
each neuron represents values for each variable
and adjacent neurons are characterized by more
similar patterns than others. Each neuron can then
be seen as the centroid of a river type, and the map
as a classiﬁcation of rivers based on the macro-
invertebrate abundance data. In this way, a SOM
can be seen as a combination of classiﬁcation and
multi-dimensional ordination. In this study, a SOM
of nine neurons (3 · 3 rectangular grid) was cre-
ated, by means of a non-linear projection of the
data set onto a grid, in this case a rectangular grid
(Figure 3). Finally, the nine neurons could be
grouped into ﬁve clusters based on the preferences
of sites for nearby neurons when repeating the
SOM process ten times. Similar cluster groups were
obtained with the SOM technique and the SR
clustering.
Figure 4 shows the membership of sites in the
Zwalm river basin with the cluster groups obtained
by the SOM clustering, plotted along the ﬁrst and
second DCA axis.
To link the clustering results to the environ-
mental variables, the biological data were analyzed
together with the environmental data of the ordi-
nation analysis as well as those of the SOMs.
Indirect ordination by means of DCA gave a
length of gradient of the ﬁrst axis of 2.677. As the
eigenvalues of the ﬁrst and the second axis of the
Figure 2. DCA plot of sites in the Zwalm river basin with their FLEXCLUS cluster membership indicated.
Figure 3. SOM rectangular grid with nine neurons each containing a set of river sites in the Zwalm river basin and grouped in a next
stage into ﬁve clusters (C).
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DCCA analysis were only slightly lower than these
of the DCA analysis, the measured environmental
variables explain a large part of the variation of
the data. The percentage of variance of species-
environment relations in DCCA were 29.4 and
14.6% for axis 1 and 2, respectively. These high
percentages indicate the explanatory strength of
the environmental variables. The variables width,
meandering and conductivity explain the major
part of the variance of the macroinvertebrate data,
as can be seen in the biplot of samples (grouped by
their SR cluster membership) and environmental
variables with the 1st and 2nd DCCA axis (Fig-
ure 5).
The biplot (Figure 5) shows that width and
conductivity explain an important part of the
variance in the macroinvertebrate data. Moreover,
sites plotted along the ﬁrst axis are revealing a
gradient from upstream to downstream, while the
second axis is correlated with an increasing
Figure 4. DCA plot of sites in the Zwalm river basin with the SOMs cluster membership indicated.
Figure 5. DCCA biplot of samples with environmental variables (DO = dissolved oxygen concentration, PR = pool/riﬄe devel-
opment; M = meandering development, H = hollow bank development), grouped by their SR cluster membership.
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pollution pressure (e.g. conductivity) and habitat
degradation (e.g. embankment). Samples from the
same sampling site but a diﬀerent year (2000/2001)
were mostly grouped together in the clusters
(Figure 7). Most sampling sites contained a high
number of dominant and very general taxa e.g.,
Chironomidae non-thummi plumosus, Tubiﬁcidae,
and Gammaridae. This suggests that clusters were
separated from each other based on less frequently
occurring taxa.
With regard to the SOM technique, the envi-
ronmental gradient could be shown by means of a
two-dimensional plot visualizing the measured
environmental variables over the nine neurons
(Figure 6).
In parallel with the ordination analysis, the
main gradients explaining the variance in biologi-
cal communities found by SOMs were the position
in the river basin coupled to the dimension of the
river and the pollution gradient (e.g. conductivity)
(Figure 5).
Figure 7 shows that the membership of sites to
the cluster groups obtained with the SOM clus-
tering were for a major part similar to the obtained
clusters with the SR clustering.
Based on the explanatory environmental vari-
ables and characterizing macroinvertebrate taxa
given by the results of the three clustering tech-
niques, several ecological river types could be
distinguished and characterized, containing both
natural as well as degraded river conditions
(Table 2).
Based on the explanatory environmental vari-
ables and characterizing macroinvertebrate taxa
Figure 7. Overview of the membership of samples to the clusters for the diﬀerent sampling years (left: 2000, right: 2001) as obtained by
SR clustering and SOM clustering.
Figure 6. SOMs plot showing the ﬁve clusters with the nine neurons containing the diﬀerent sites in the Zwalm river basin represented
by their environmental variables (PR = pool/riﬄe development; M = meandering development, H = hollow bank development,
T = temperature, cond = conductivity, SS = suspended solids, DO = dissolved oxygen concentration, C = Cluster).
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given by the results of the three clustering tech-
niques, several ecological river types could be
distinguished and characterized, containing both
natural as well as degraded river conditions
(Table 2).
Discussion
There have been numerous debates on whether or
not communities can be described as units that are
discrete and clearly deﬁned (Palmer et al. 1997). Is
a community ‘set’ by ecologists in order to study
operationally this level of ecological characteriza-
tion or is this a real level of organization? This
discussion is also embedded in the community-
continuum debate (McIntosh 1967; Whittaker
1967; Austin 1985; Austin and Smith 1989; Collins
et al. 1993). This means that a species response to
environmental variables is a gradient response,
and the delineation of a community is time and
space dependent. As such, a community is not a
strict entity, but an entity that has fuzzy bound-
aries over the diﬀerent environmental variables
with time and space as extra dimensions. Because
stream systems are often viewed as harsh envi-
ronments containing fewer competitive dominants
and therefore having less need for interspeciﬁc
resource partitioning (Townsend 1989; Hildrew
1992), environmental inﬂuences are more impor-
tant than biotic interactions structuring biotic
communities. As such, the authors deﬁne a macr-
oinvertebrate community as a group of macroin-
vertebrate taxa that are able to maintain a
population under the set speciﬁc environmental
conditions. The community can serve as an entity
used by river managers to describe the biological
state of a river at certain environmental condi-
tions. Clustering techniques can be useful for river
managers to delineate communities that can serve
as an object of river site characterization, assess-
ment and restoration, taking into account the
fuzzy boundaries of the community itself.
The results of SR, DCA and SOM clustering
show that clusters of sites in the Zwalm river basin
cannot easily be distinguished on the basis of the
available data of macroinvertebrate communities.
The most important causes are the strong inﬂuence
of diﬀuse agricultural pollution in a high number
of the sampling sites in the Zwalm river basin and
Table 2. Environmental characteristics of the obtained clusters based on the ecological classiﬁcation of sites in the Zwalm river basin.
Position in the river basin Macroinvertebrate taxa Physical–chemical variables Habitat characteristics
1 Mainly upstream sites
in the main headstream
Gammaridae Not characterized by any
speciﬁc environmental
variable
Tubiﬁcidae
Chironomidae thummi plumosus
Chironomidae non-thummi plumosus
2 Brooks in the crenal zone
and small brooks
High taxon diversity Low conductivity, shadowy,
high concentrations of
suspended solids
High habitat variability
Trichoptera
Ephemeroptera
Tubiﬁcidae
Chironomidae non-thummi plumosus
Gammaridae
3 Mainly small brooks in
agricultural areas
Gyraulus High conductivity Indiﬀerent
Armiger
Chironomidae non-thummi plumosus
Tubiﬁcidae
4 Disperse distribution
of sites
Nepa Low conductivity Stony surface, high stream
velocity, shadowyGyraulus
Asellidae
Gammaridae
Hydropsychidae
Chironomidae
Erpobdella
Tubiﬁcidae
5 Mainly downstream sites
in the main headstream
Asellidae Heterogeneous cluster for
most of the
physical–chemical variables
High water level and width
Chironomidae thummi plumosus
Chironomidae non-thummi plumosus
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the relative high degradation of the habitat char-
acteristics of the watercourses. This is shown by
the high values of conductivity and suspended
solids and the low structural diversity. Key taxa
that deﬁne the clusters were very common and
abundant taxa like Gammaridae, Asellidae, Chi-
ronomidae and Tubiﬁcidae (Table 2).
The major explanatory environmental variables
of the macroinvertebrate communities in the
studied streams are dimension-related, reﬂected in
environmental variables such as width, ﬂow
velocity and water level, and distance to mouth. As
stream size increases throughout the Zwalm river
basin, taxa that are speciﬁc for wider and deeper
streams dominate (Table 2) (Verdonschot 1995),
in correspondence to the River Continuum Con-
cept (Vannote et al. 1980). A second important
variable found in this analysis can be related to
human impact caused by agricultural activities, as
is reﬂected by an increase in conductivity. Al-
though river enrichment should not only be mea-
sured by means of conductivity, this study shows
the relevance of conductivity over dissolved
oxygen concentration measurements. As was
illustrated in Figure 5, the dissolved oxygen con-
centration does not contain a large explanatory
capacity with regard to the distribution of bio-
logical communities in the Zwalm river basin, and
this as a result of the relative high ﬂow velocities
and related mixing. However, in Flanders, dis-
solved oxygen is still used as the main variable for
physical–chemical water quality assessment which
is expressed as the Prati Index for dissolved Oxy-
gen (PIO) (cf. Prati et al. 1971; VMM 1997).
Discrete measurements of dissolved oxygen to
calculate these PIO indices are consequently
insuﬃcient to draw conclusions concerning their
eﬀect on biological life in the Zwalm river basin,
while conductivity measurements seem to be less
variable in time and giving a good indication of the
pollution load (Vandenberghe et al. 2004).
To set up a stream classiﬁcation, often only one
approach or technique is used to analyze commu-
nity data. This can however be rather subjective
(Jackson 1993). For that reason, in our study,
diﬀerent clustering techniques were used. These
techniques were assessed based on diﬀerent crite-
ria: (1) the interpretability of the clustering results,
(2) the way of interpretation of the ecological
communities, (3) the subjectivity involved in the
preferred parameter settings and interpretation of
the results, (4) the theoretical assumption under-
lying the biotic response, and (5) the usefulness in
river management as a decision support tool.
The ﬁrst criterion, considering the interpret-
ability of the clustering results, showed that SR
clustering revealed nearly the same structures as
the ordination analysis (Figure 3), but deﬁned
groups by means of the SOM showed more over-
lap in the ordination diagram (Figure 5).
Smoothening between the clusters is apparent in
the results of each clustering approach that is
mainly caused by river pollution and habitat deg-
radation and the absence of natural reference
conditions for most of the river types. However, all
cluster techniques resulted in a relative interpret-
able cluster structure, including natural river types
as well as river types characterized by speciﬁc
environmental conditions (Table 2).
Based on the second criterion, looking at the
representation of ecological communities it was
clear that gradient analysis as a ‘fuzzy’ classiﬁca-
tion method was less subjective in contrast to the
‘crisp’ classiﬁcation by SR and SOMs. Moreover,
within the ordination analysis, the ecological rel-
evance of this discovered gradient is given by the
calculation of the explained variation in the data
set based on the biological data, which can also be
seen as an advantage considering the third crite-
rion, evaluating the subjectivity involved. Subjec-
tivity is apparent in the SR clustering when a lot of
a priori decisions have to be made in advance
during the clustering process as described by Van
Tongeren (1986). This can be seen as an advantage
as experts can intervene in the clustering process,
but could become negative when ‘subjective’ pre-
assumptions determine the cluster structure. Al-
though the advantage of the lack of pre-assump-
tions in the SOM technique is often stressed
(Brosse et al. 2001), the combination of the neu-
rons into clusters in this study was however based
on a relative subjective basis. Although only a few
techniques have been proposed to detect cluster
boundaries in a SOM, it is still recognized as a
diﬃculty (Giraudel and Lek 2003). However, the
uniﬁed matrix (U-matrix) approach (Ultsch and
Siemon 1990) oﬀers a way to detect a clustering by
computing the distance between the sites within
diﬀerent neurons. Also high value distances can be
used here as an indication of cluster boundaries.
This technique might oﬀer a more objective
method for cluster analysis by SOMs in the future.
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A sensitivity analysis of the SOM and U-matrix
can then be computed to test the signiﬁcance of
each environmental variable on SOM results.
Based on the fourth criterion regarding the
theoretical assumption of biotic response, the three
used clustering techniques clearly diﬀered in an
important way. Because habitat preferences of
taxa are often non-linear functions of habitat
variables, linear techniques are therefore men-
tioned as not appropriate (Ter Braak and Ver-
donschot 1995). As such, it is suggested that
important gradients explaining the macroinverte-
brate distribution can be extracted by means of
analysis of non-linear gradients, such as multi-
variate analysis with the unimodal (D)(C)CA
ordination and non-linear SOMs, in contrast to
the SR clustering.
Within the last criterion, evaluating their po-
tential use as a decision support tool in river
management, the visual representation of the dif-
ferent SOM clusters explains for a large part the
recent success of these techniques to explain huge
and variable data sets in ecology, in contrast to the
more classical multivariate techniques as ordina-
tion analysis.
In this study, part of the sites was given a
diﬀerent cluster membership when comparing SR
and SOMs clustering results. These sites, when
plotted in the ordination diagram, were located in
the overlap zone between the diﬀerent clusters
deﬁned by both techniques (Figure 3, Figure 5).
Ordination analysis allowed thus to interpret
these clustering results on a more objective way
with regard to the smoothening of clusters as a
result of the present pollution gradient and the
resulting uncertainty of classiﬁcation. This infor-
mation would be lost when only relying on a
crisp classiﬁcation technique such as SR and
SOMs. The use of multiple clustering techniques
and particularly the combination of gradient
analysis with a crisp clustering method can thus
be of advantage to draw more reliable and robust
conclusions with regard to the ecological classiﬁ-
cation of river sites.
For an objective evaluation however, techniques
need to be used to test statistically the diﬀerence
between the diﬀerent clustering methods. One
suggestion for this is to use MANOVA (Multi-
variate Analysis of Variance), a technique that can
compare samples based on two dependent vari-
ables (Cooley and Lohnes 1971).
When considering the evaluation of these clus-
tering techniques, one has to take into account the
rather limited deduction capacity of the used data-
set. First, seasonal eﬀects have not been considered
although a dataset containing both spring and
autumn samples is seen as optimal (Furse et al.
1984; Ruse 1996; Verdonschot 2000). The taxo-
nomic resolution at a species-level classiﬁcation is
desired for an in-depth analysis of macroinverte-
brate responses to environmental variables (Furse
et al. 1984; Pardo and Armitage 1997; Verdons-
chot 2000; Adriaenssens et al. 2004). Also, in this
study, a relatively small data set was used and as
such the results may not be applicable on data sets
covering whole Flanders. Furthermore, natural
‘reference’ brooks were nearly absent and the
typology approach only concerned macroinverte-
brates.
With regard to the integration of natural as well
as degraded river conditions into a typology Ver-
donschot (1990) has been developing a so called
cenotypology for use in river management in the
Netherlands (Verdonschot 1995; Verdonschot and
Nijboer 2000, Verdonschot et al. 2000; Verdons-
chot and Nijboer 2002). A cenotype is a site group
that is established if it is clearly recognizable along
an identiﬁed environmental gradient and if it has a
distinct fauna. The objectives of management
activities such as restoration can be set according
to these cenotypes. By combining the biotic and
abiotic parameters, a relation can be established
between the desired biotic communities as ﬁnal
target values and the measures needed to achieve
the target conditions. The directions of develop-
ment from one type to the other are indicated by
their (supposed) most important steering factor
and will lead to restoration or mitigation actions.
However, strong human inﬂuences on the water
systems in Flanders have lead to the disappearance
of communities that could serve as target or ref-
erence conditions. For reasons of eﬃcient water
management, reference conditions should there-
fore be known in terms of biological communities,
and steering factors to obtain these conditions
should be unravelled as well. A possibility could be
to deﬁne these natural (reference) states by means
of predictive modeling (Verdonschot 2000; Goe-
thals and De Pauw 2001).
Evidently, the description of a clear cenotypol-
ogy for running waters in Belgium and other EU
countries will be an essential requirement to fulﬁl
396
the aims of the Water Framework Directive with
regard to river assessment and river management.
Conclusions
An ecological classiﬁcation of sites based on
macroinvertebrate communities has been de-
scribed for the Zwalm river basin in Flanders,
Belgium. To this end, three clustering techniques
were applied, one based on ordination, one on the
Sørensen similarity ratio and one on self-organiz-
ing maps. Each of these techniques allowed for
distinguishing ﬁve mutually isolated clusters of
sites. The advantage of the use of multiple clus-
tering techniques and particularly the combination
of gradient analysis with a crisp clustering method
enables making a more objective ecological clas-
siﬁcation of river sites. The obtained clusters,
based on macroinvertebrate communities, could
be linked with their natural typology and pollution
status. The application of these clustering tech-
niques on macroinvertebrate data might enable the
establishment of a cenotypology which could be
helpful to eﬃciently steer river restoration towards
a good ecological status as set by the European
Water Framework Directive.
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